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by 

I.  I.  Kornilov 

In  addition  to  the  widely  known  aetals  (copper,  silver,  nickel  and  cobalt, 
platinus,  palladiua  etc)  relatively  new  zetals  (titaniua,  zlrconius,  vanadius, 
niobiua  etc)  in  recent  years  began  acquiring  greater  isportance  as  corrosion 
resistant  aaterials, 

*1516  relatively  greater  availability  in  nature  of  titanina  and  its  analogue 
zirconiu?  and  the  hi^  phys-chea.  properties  of  these  oetals  created  favorable 
conditions  for  the  development  of  aethods  for  their  obtainsent  in  pure  fora. 
Perspectives  appeared  for  the  developnent  of  their  industrial  oanufasture  and 
application  1,  2. 

In  the  nearest  future  the  fields  of  application  of  Titanina  wil’  expand 
considerable.  last  decade  has  seen  greater  successes  in  the  aanufaeture 

of  aetallic  Ti  in  the  USA,  England,  Japan  ax:d  other  countries.  In  the  USA, 
for  eragple ,  in  1948  were  obtained  3  tons  of  Ti,  by  1957  the  industrial  capa¬ 
city  of  titanium  plants  reached  27000  (cubic  tons).  %e  USSH  also  adopted  and 
is  successfully  developing  the  industrial  aanufacture  of  aetallic  titanium. 

Ihe  growth  of  the  aanufacture  of  aetallic  titaniua  In  the  USA  is  indica¬ 
ted  by  the  following  annual  data: 

Tears  ....  1948  1949  1950  1951  1952  1953  1954  1955  1956  1957 

Tons  .  .  f  .  3  8  pO  500  1200  2250  7000  8000  16000  27000 

In  recent  years  the  productive  capacity  of  the  titaniua  industry  in 
various  coiutries  has  increased  considerably.  There  are  available  data  on 
the  voluae  of  titaniua  aanufactxirer  in  1957,  in  Japan  (2441  t),  in  England 
(up  to  2000  t)  in  rVance  (up  to  1000  t).  There  are  indications  that  the  total 
voluae  of  world  output  of  Ti  in  I960  (without  counting  the  USSH)  will  reach 
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Tn  spite  of  the  greater  isportance  of  titanixra  in  various  branches  of 
technology  chiefly  as  a  corrosion  resistant  aaterial)  it  is  still  not  in  broad 
deicaad  fit  still  does  not  find  a  broad  carket )  because  of  the  high  price.  A 
knoxn  hinorance  is  also  the  fact  that  for  isany  inportanx  fields  of  application 
pure  titaniua  does  not  possess  sufficient  strength. 

Keeded  are  high-strength  titaniun  alloys  TOich  as  yet  have  not  sufficient¬ 
ly  developed  and  utilized,  ^is  partially  explains'  ■shy  the  titanivm  plants  in 
the  USA  presently  sanufacture  only  20  —  255b  of  the  total  productive  capacity. 

^e  conp>osition  of  oetallic  titaniua  obtained  by  various  zsethods  is 
described  in  table  i. 

The  propertiss  of  aetallic  titaniua  are  deterained  in  relation  to  the 
degree  of  purity.  Particularly  sensitive  to  oxygen,  nitrogen  and  hydrogen 
adaiitures  are  the  aechanical  properties,  ^ese  adaixtures  coabined  xith 
titaniiua  have  a  tendency  of  foraiag  iaplantation  type  solid  solutions  and  are 
very  difficult  to  separate  (reaove)  from  it;  they  sharply  increase  the  hard¬ 
ness,  ultiaate  strength  and  considerably  reduce  the  plastic  properties  of 
aetallic  titaniiss  (table  2). 

^e  aost  plastic  (ductile)  and  the  least  strong  appears  to  be  the  titan— 
iua  obtainable  by  the  iodide  aethod  or  secondary  purification. 

Corrosion  Hcsistance  c-f  *^itaniu3 

Pure  titaniua  beli^ngs  to  cheaically  active  aetals.  Ihe  resistance  of 
the  aetal  to  corrosion  in  an  aqueous  aediua  is  connected  vith  the  electrode 
potential  originating  between  the  subzierged  aetal  and  the  standard  hydrogen 
eleaent. 

A  study  of  the  corrosion  properties  of  titaniua  in  diluted  sodiua  chloride 
solutions'^  astablished  a  very  interesting  characteristic.  Titanixia  with  a 
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freshly  cleared  surface  ianediately  after  piurging  into  a  siailar  solution  has 
a  negative  potential,  -rhich  in  the  initial  stage  reaches  0.2?  v. 

Vith  R’jch  a  potential  titaniua  irould  ha  exposed  to  rapid  corrosion.  How¬ 
ever  the  electrode  potential  of  the  titanium  in  this  uediica  i.-.creases  vita  tine 
in  the  presence  of  free  oxygen  access  reaching  a  positive  value  of  up  to  O.4O, 
0.46  V.  In  this  respect  ?i  appears  to  he  an  aniogue  of  Or  in  which  the  elec¬ 
trode  potential  of  pure  Ti  in  various  conditions  of  its  surface  in  relation 
to  the  time  of  suhnersion  and  soaking  in  a  3— sodiun  chloride  solutic  .  at 
25®  is  presented  in  Figure  1^.  For  all  surface  conditions  l*i  with  tine  acquires 
a  positive  electrode  potential.  As  the  value  of  the  potential  increases  the 
the  titaniua  acquires  passivity  and  becoas  particularly  stable  against  corrosion 


Figure  1  -  Change  in  Electrode  Potential  of  ?i  in  He let ion  to 
the  Jine  of  Submersion  in  an  Aerated  3^HaCl  Solu¬ 
tion  at  25® s 

1  -  Freshly  polished,  2  —  polished  and  soaked  at  room  temperature; 

3  -  polished  end  hiated  in  the  air  at  125®.  a  —  electrode  potential; 
h  -  time  of  so3ki:.g  in  bath. 

'The  chemiial  rta^ility  of  metallic  titanivu  ^2.%  investigated  by  many 

authors'^'  .  The  corrosion  resistance  of  ?i  'jn  some  instances  exceeds  the 
3 

resistance  of  stainless  steel  ana  cany  oih.,r  sitais  and  alloys.  The  high 
corrosion  resistance  of  the  chemically  activi-  titanium  is  explained  by  the  form 
formation  on  its  surface  of  a  thin  oxide  fils,  which  as  result  of  greater 
density  and  homogeneity  protects  the  metal  against  fturther  reaction  with  the 
cuter  medium: 
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?roa  this  point  of  view  it  can  he  sai^.  that  titanixm  appears  to  he  stable 
in  these  niedia  which  not  only  destroy  the  protective  filia  on  its  surface  out 
proEote  its  formation. 

TitaniuE  is  stable  against  nitric  acid  (not  fuaic),  nitrohydrochloric 
acid,  to  hydrochloric-nitric  acid  nixture  (at  rooa  teaperatisre ),  acetic  acid, 
lactic  acid,  hydrogen  sulfide,  dry  and  aoist  chloric  atEosphere  and  against 
nany  other  aedia  aggressive  for  ordinary  aetals. 

A  destructive  effect  on  setallic  Ti  is  produced  by  a  nuaber  of  sineral 
and  organic  acids:  hydrofluoric,  hydrochloric  (concentrated),  sulfuric  and 
orthophosphoric  acids;  oxalic,  fomic  (during  boiling),  trichloroacetic  and 
trifiuoroacetic  acids.  The  aggressive  Eediun  for  Ti  appears  to  be  also  aluninua 
chloride,  sodius  peroxide,  fluorine  coaxiounds,  nixtures  of  chloride  and  fluor¬ 
ide  salts  of  alkali  setals  etc. 

It  can  be  said,  however,  that  the  liuhber  of  a^ressive  aedra  relative  to 
titanita  is  considerably  snaller  than  the  nuaber  of  cbeaically  active  sub¬ 
stances  in  contact  with  which  it  deaonstrates  high  stability. 

In  recent  years  appeared  new  reporth  5  *"  12  devoted  to  the  study  of  the 
corrosion  characteristics  of  ?i  in  various  aedia,  including  probleas  of  its 
oxidation  upon  heating,  ihe  authors  describe  the  corrosion  resistance  of  Ti 
in  acids,  alkalies,  varioxis  salt  solutions,  sea  and  river  water  as  well  as  a 
coaparative  investigation  of  the  corrosion  resistance  of  Ti,  Zr  and  stainless 
steel  in  various  organic  aedia  5*^*  5br  the  purpose  of  eiperinentation  they 
used  Ti  of  ^e  following  coaposition:  C  0.03  —  C.Od^,  —  O.Op  —  0.0£^,  0^  — 
0.10  —  0.15^  and,  according  to  spectral  analysis  data,  rte  net  aore  than  0.1(^, 
1^,  Cr,  Fo,  JSj,  C'u  cf  froE  O.OOp  to  0.055e.  Such  a  setal  in  the  fora  of  tablets 
was  obtained  by  tae  powder  aetallurgy  (cerasset)  aethod  by  sintering  and  subse¬ 
quent  hot  rolling.  The  erperisents  conducted  for  the  purpoce  of  deteraining 
the  corrosion  characteristics  of  Ti,  obtained  by  the  powder  aetalicrgy  aetbod 
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‘  aad  by  the  sselticg  =ethod,  sheared  practically  identical  characteristics.  The 

authorsj  having  investigated  Ti  in  fomic,  acetic,  lactic,  oxalic  and  other 
acid  siedia,  established  that  it  is  stable  in  air  saturated  foraic,  lactic  and 
other  acids  in  all  concentrations,  but  corrodes  intensively  in  boiling  50;i- 
solution  of  foraic  acid. 

Consideratle  corrosion  is  observed  in  titaniuc  in  boiling  citric  acid  and 
also  in  a  diluted  oxalic  acid  solution  in  spite  of  the  fact  that  stainless 
steel  experiences  in  it  lesser  corrosion  and  zirconiua  even  lesser  than  that. 
Vary  hi^  stability  tras  deaonstrated  by  Ti  and  Zr  trhen  subjected  to  aniline 
hydrochloride,  chloroform:,  tritetraethylene  chloride,  tetrachloroe thane  and 
other  media  6. 

The  report  devoted  to  the  forziation  of  a  protective  film  on  Ti  during  its 
exposure  to  hydrochloric  acid  shosed  7  that  during  the  submersion  of  Ti  in 
hydrochloric  acid  is  forced  a  protective  film.  A  denser  and  stronger  film  is 
forced  in  diluted  acid  solutions.  It  tras  established  by  the  electronographic 
cethod  that  the  protective  file  in  the  given  case  consists  of  bet.' -titaniiic 
hydrice  caicn  disappears  easily  upon  heatii:g  the  aetal  in  vacuo,  after  which 
the  surface  of  the  titaniius  again  becoces  active. 

The  report  8,  devoted  to  the  application  of  Ti  and  other  alloys  in  various 
aggressive  cedia,  states  that  the  corrosion  resisxance  of  titanixan  in  chlorine, 
chloride  solutions,  in  diluted  hydrcchloric  acid  solutions  is  considerably 
higher  thcin  that  of  Cr-Si— stainless  sieel  type  l8-8. 

5 

ihe  proolecs  of  ox-idation  of  pare  titaniic:  and  the  cechanisc  of  its 
oxidation  during  heating  are  discussed  in  reports  9  «  12,  published  in  recent 
years.  The  effect  of  oaygen  on  titaniua  up  to  300“  and  over  and  the  related 

forcation  of  varying  in  nature  and  o^gen  saturated  titanium  layers 
are  discussed.  *516  processes  of  formation  of  oxide  layers  are  -subject  tc- 
logarithmic  and  parabolic  equations. 
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at  temperatures  of  over  700®,  accorcin; 
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r  Aeistins  oriaation  of  Ti 
the  author,  one  should  expect  cracking  of  the  skin  of  oxide  scoria.  ?he 
metnoas  of  electron  diffrciction  of  scaling  resistance  and  corrosion  resistance 
of  titanium  uere  investigated. 

It  -as  found  that  the  stability  of  Ti  is  explained  ay  the  format  ic-si  on 
its  surface  of  an  oxide  film  consisting  of  rutile  (TiO^)  •rith  solid  cohesion 
— ith  the  basic  cetal  on  account  of  the  secondary  valence  electrons.  Ihe 
author  11  investigated  the  fomsation  cf  the  oxide  fjla  in  the  form  of  rutile 
during  the  oxidation  of  Ti  in  an  atmosphere  of  pure  02ygen  at  600  -  925*.  It 
uas  'ound  that  the  oxide  fila  obtained  at  lou  temperatures  (up  to  200  -  400®) 
is  thin  and  solid,  and  the  film  obtained  at  high  temperatures  (above  650°)  is 
thick  and  porous.  At  such  '•onditions  of  oxidation  the  oxide  films  lose  their 
protective  properties, 

The  report  12  devoted  to  the  study  of  titanium  oxidation  at  high  temperatures 
c jscrioes  the  study  of  the  oxidation  process  of  the  metal  in  vator  vapors  in 
relation  to  temperature.  The  range  of  temperatures  vas  700  -  1200®.  The  con¬ 
tent  of  Ti  used  for  this  purpose  vas  96  —  9^  (admixture  not  indicated).  The 
rate  oi  oxiaation  eras  determined  by  the  method  of  oveneeight  in  dependence  from 
temperature;  testing  time  one  hour.  The  scale  obtained  after  the  oxidation 
uas  subjected  to  x— ray  analysis. 

Table  3  brings  data  regarding  the  increase  in  ureight  of  the  litaniar 

2 

species  in  the  process  of  seating  in  the  air  and  in  vater  vapors  (ir*  mg/ca  * 
hr)  in  rsla'^on  to  temperature. 

.me  cata  in  tne  table  indicate  that  in  ■srater  vapors  the  oxidation  inten¬ 
sity  at  900  -  100®  is  considerably  higher  than  in  the  air;  at  1000®  and  over 
.CIS  — **.erence,  at  a  very  migh  rate  of  rotn  oxidation  processes.  Is  iripec  o*-t 
to  a  large  extent  and  at  1200*  the  intensity  becomes  almost  unif :rm. 

—  s •ucy  o.  .me  nature  oi  oximes  smo— ed  that  m  conditions  of  oximat  on  ** 
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Tenpersture  C 


Ats:osr>Mre 


'.Vater  vapor 


•  TOO 

'  ... 


300  ' 
1 

900  ' 

1000 

.  1100 

1200 

2.1  j 
1 

5.4  ; 

13.6 

i  j6.o  : 

i  . 

70.0 

7.6  !  13.2  = 

21.8 

1  39.0.: 

75.1 

in  wnter  vaporsj  the  scale  consists  only  of  T'iO^,  and  in  an  air  atcosphere  in 
the  scale  are  fomed  all  three  titaninn  oi.ide3:  ?i02>  Ti203^‘^  ^0 
ouxerj  central  and  internal  layers  of  the  scale  respectively. 

In  connection  ■srith  the  corrosion  resistance  of  titaniux  in  various  -.'scia 
attention  should  he  called  to  a  very  inportant  circumstance  connected  with  the 
explosive  properties  of  tit  ^iiua.  This  property  is  possessed  also  by  the 
titani'x:  .analogue  —  sirconiua,  Ihe  explosive  tendency  of  pulverulent  Ti  and 
Zr  is  discussed  in  report  13.  It  is  noted  that  the  spontaneous  cossbuction 
temperature  of  a  dry  Ti-porder  varies  froa  300  to  600®, 

Titanium  povder,  sponse,  dust,  shavinii  can  ignite  easily  fron  a  spart  or 
small  fiaxa.  A  great  influence  on  the  acceleration  of  the  process  of  spon¬ 
taneous  coabustion  and  explosion  is  exerted  by  aoisture.  That  is  vhy  titanium 
po— dar  should  be  stored  irithout  any  traces  and  access  of  aoisture,  best  of  all 
in  a  neutral  atmosphere  aediua,  uhicb  cannot  be  nitrogen  or  carbo.n  dioxide 
because  titi.ei-m  reacts  also  -rith  tiea.  The  aost  reliable  r^diaa  in  hslium  or 
argon.  Tater  should  not  bo  used  for  extinguishing  hot  Ti  (there  nay  be  an 
explosion  of  greatsr  force).  Inert  gases  for  putting  out  ?i~fire  are  used 
only  in  conditions  vhen  the  access  of  free  air  is  cut-of*'.  rhe  extinguishing 
is  best  of  all  done  by  covering  the  flame  and  too  space  around  the  burning 
metal  Trith  some  hind  of  dry  ponder  (calcium  fluoride,  graphite,  slaked  lime). 

Still  another  characteristic  of  titani'um  has  been  observed:  sadden  (unex¬ 
pected)  explosions  during  its  lasting  contact  nith  faming  r.itr..c  acid  14. 
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S-cb  erplosior.s  are  due  do  the  siuul'aaeous  processes  leadiuij  to  explosive 
reaction,  vbey  can  take  place  under  the  following  conditions: 

i)  internal  stresses  in  titaaitut  can  rapidly  rexove  the  protective  oxide 
filr.  iron  the  surface; 

k)  penetration  into  the  snail  surface  cracks  of  nitric  oxides  which  nay 
besin  acting  catalytically  and  accuxulate  a  rapid  action  of  nitric  acid; 

3)  the  presence  of  snail  cracks  on  the  surface  of  the  netal,  where  the 
nitric  oxides  concentratej  thus  subjecting  the  netal  to  rapid  oxidation.  A 
study  of  titanius:  sanples  after  such  explosions  shows  the  presence  of  local 
flashing-off  points  and  the  absence  of  the  liquid  phase  in  other  points. 

In  this  connection  the  studies  of  these  phenonena  are  carried  out  in 
vessels  isolated  by  covers  and  special  protective  partitions. 

It  should  be  nentioned,  tha -  this  pertains  only  to  pure  netals,  Ihese 
phenonena  are  not  observed  in  netal  alloys  prepared  on  the  base  of  these  pure 


!^tallochenistry  of  ?itanvun  Alloys 

trite  ail  these  favorable  properties^  high  corrosion  resistance  of  pure  Pi 
in  nany  aggressive  nedia,  it  is  difficult  to  assune  that  titaniua  in  p*urc  fore 
rill  find  broad  application  in  industry,  including  also  the  chenical  industry. 
In  order  to  use  titaniun  as  ctructurai  naterial,  for  the  nanufacture  of  various 
products  11  nust  po:.sess  high  nechanical  properties  in  addition  to  the  corro¬ 
sion  resisiance.  It  requires  high  ultinate  strength  a*  sufficient  ductility, 
b 

high  heat—  and  spalling  resistance.  As  was  shown,  titaniun  in  pure  fom  nas 
low  strength,  and  titaniun  with  increased  ''ontent  of  adnixtures  evjn  though 
it  possesses  greater  strength  but  it  has  no  high  ductility  pr-operties. 

Ihese  circunstances  pronpted  the  developnent  of  investigations  into  the 
field  of  finding  new  titaniun  alloys  and  utilization  of  sane  in  industry.  In 
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iiTL  ana  its  alloys.  A  ntmoer 


s  on  nstallochesistr;'  ar.i,  nart  icularly^ 


on  the  netallcchcnio-try  of  titaniun  alloys  I4— IS  discnss  the  prohiens  of  the 
reaction  of  netals  -rith  the  elements  of  the  periodic  system.  It  is  shosm  that 
the  nature  of  the  reaction  is  determined,  by  tha  orientation  of  the  elements  in 
the  li.  I,  Jlendelsyev’s  periodic  system  aith  respect  to  the  titanium  I8.  Tilth 


tne  elements  01  tne  a  ana  ir 


roups  (trith  the  exception  of  3e)  titanium  does 


net  react  at  allj  nith  a  number  of  elements  of  the  VI  —  7II  groups  it  forms 
ionic  or  covalent  bonds  -sith  the  elements  of  the  remaining  groups  it  forms 
limited  solid  solutions  ^rith  metallic  comsounds  or  continuous  solid  solutions. 


?he  latter  are  obtained  during  the  reaction  of  vi  with  its  analogues  (2r,  Ef) 


or  sritn  cict 


Its  oriented  im  the  neighborhood  of  ?’  (V,  :ihj  ?a,  Vo). 


Ime  Important  elements  for  the  development  of  titanium  alloys  appear  to  be: 
from  the  limitedly  soluble  and  numorous  setallie  compound  forming  elements  - 
copper,  beryllium,  boron,  aluminis:,  silicon,  germanium,  tin,  chromium,  sangarf- 
ese,  iron  etc;  from  the  metals,  forming  —its  it  continuous  solid  solutions  - 
zirconium,  vanadium,  molybdenum  and  niobium. 

A  greater  number  of  elements,  f truing  uith  titanium  limited  and  continuous 
solid  solutions,  requires  the  study  of  the  nature  of  the  reaction  belseen  Ti 
and  manp-  elements,  and  the  knor-ledge  of  a  greater  number  of  str-.ctural  diagrams 

5 

of  simple  anf  complex  titaniim:  systems.  Ihey  should  serve  as  the  scientific 
oasis  in  the  ievelopner.t  of  neur  titanium  alloys  of  practical  application. 

Each  m.etai,  uses  for  the  development  of  nem  alloys,  can  serve  as  an  ex¬ 
ample  to  prove  that  there  are  important  systems  determining  tne  l-s_lc  composi¬ 
tions  of  alloys  of  these  metals.  Such  systems  Cc>n  be  called  basic  metallic 
systems  serving  as  basis  for  many  alloy  compositions. 


Vll-ldf '1^2 


In  this  respect  titesiirc  should  have  a  nsaher  ot  basic  systems  oa  the 
basis  of  •arhich  are  developed  investigations  for  the  snirpose  of  finding  net? 
titanius  alloys.  Such  ^ysteas  include  coabinatiocs  of  titaciua  uith  isoortant 
elenents  forains  vith  it  continuous  or  lirsitea  solid  solutions  or  hish-aeltins 
eospounds.  ihe  niinber  of  these  basic  systens  should  include  titaniun-zireon- 
iua  17j  titaniiia-rluainun  Id^  titaniur— tin  and  so  on. 

Ts.e  idea  of  stren^henins  netals  at  the  e:Q>ense  of  their  nulticonponent 
solid  solutions  20  for  the  purpose  of  developing  near  high-s^rannth  titaniua 
alloys  led  to  a  decision  of  siaultaneoos  alloying  the  solid  — 7i  solution 

vith  aluainunj  ehroaius^  silieonj  iron^  boron  etc.  ^The  selection  of  concen¬ 
trations  of  these  eleoents  was  detexained  by  their  gariaua  solubility  in 
hocoiogous  binary  titaniun  systens.  In  seleetinc  the  eoaponents  consideratlcn 
vas  also  ^ven  to  the  availability  and  nonavailability  of  the  alloying  eleaents. 
As  is  knoauj  the  selected  eleaents  -  Al,  Cr,  and  Si  appear  to  bo  available 
and  not  too  costly. 

In  this  vsy  a  siz-eoaponent  solid  solution  of  —titaniua  vith  aluainux^ 
chroniuB^  silicon^  iron  and  boron  eras  selected  as  the  base  for  new  heat-resis¬ 
tant  titaniua  alloys,  threshold  concentrations  of  these  eleaents  were 

calculated  in  such  a  way  as  to  have  the  siz-cosponent  alpha-solid  solution  of 
titaniia  as  the  base  for  the  new  alloys.  The  consequent  investi^tion  of  the 
effect  of  Al^  Cr  and  other  eleaents  on  the  liait  of  distribution  of  solid  solu:-  . 
tions  in  this  coaplez  systea  and  on  the  chan^  of  properties  of  these  solid 

m 

solutions^  established  the  optiaaa  coapssitions  of  a  n'<a^r  of  new  coapounas 
which  are  of  practical  interest. 

ITsw  Hi~h  Stran?th  Titaniua  Alloys 

theoretical  and  ezperiaantal  investigations  led  to  the  developcent  of  new 
high-strength  titaniua  alloys  with  hi^  ultiaate  strength  values  at  rooa  and 

22:L-l-0/i+2 


12 


higiier  tesoeratures  of  up  to  600  -  650- .  -fe-ie  5-5^-,.,-,.^.^  *-  -  -  - 

•  -a^«.e  aescnzses  toe  sasic  oharac— 

•®2rastiC3  toese  aZioys^  p  1  _  _ 

jagure  ona  3  soar  curves  Tor  the  ultirats 


stre:^th  aud  percentage  eiongatioa  o?  rupture  and  in  relation  to  tenperature 
^or  nev  eaq^rinental  titanitnr  alloys.  -:»:ese  alloys  ve»  na=ed  !?-3,  ^-4,  ?-6, 

5--3,  ?-9  a=d  ?-10.  ae  obtainnent  of  the  listed  alloys  vas  developed  by  the 
=2thod  of  arc-snelting. 

^  !  ■  i  !  i  1 


a^-»c&csac^  I  ^  ^ 


if.  \  gerf*:; 

■Z»  «ar  £»  t,; 


?i.3ure  2  -  ^^^te  streag^  of  Sew  3igh-Strepgth  ?itaniu=  Alloys 
in  Selation  to  Ttes^ratare,  **xuy5 

^  ”  -^S^srun  thersal;  b  —  iodide. 

•me  na«^  (ultirate)  strength  properties  considerably  exceeds  the  strength 
o*  aiuninun  alloys,  =any  alloyed  a-4  stainless  steels,  ^he  plastic 
(ductile)  prcperties  of  the  new  alloys  are  sufficient  for  their  application 
in  the  role  of  structural  raterials  for  various  objects. 

•me  corrosion  properties  of  titaniun  alloys  have  been  investigated  in 
s.*^..ciently  i..  ^ere  are  only  several  reports  devoted  to  problens  of  cor¬ 
rosion  of  ?i  and  Its  base  alloys  and  another  one  -  to  fae  oxidation  resistance 
of  titaniu— sacs  alloys,  lie  corrosion  resistance  of  titaniun  and  its  alloys 


invesiigaied  in  various  cheaicai  aedia,  the  chaages  in  the  ?i-potential 
in  vario-as  solutions  were  deterained  and  the  nechanisa  of  foi=ation  and  the 
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co=r?ositioa  of  the  protective  filss  vere  investigated.  During  the  study  of 
the  chenipe  in  the  potential  of  !?i,  first  passivated  in  water,  repented  passiva¬ 
tion  was  revealed  in  a  2^solution. 


Tissra  3  -  Percentaga  of  Slon^tion  of  Supti;:Te  of  Sew  Ei^b- 
Strength  ?i-  tllcys  in  delation  to  Tter^erature. 
a  -  elongation  per  unit  length. 


Ihe  fils  fomed  daring  repeated  passivation,  during  heating  to  200*, 
regains  in  tact,  while  the  prisaxy  filn  forsed  in  an  aiz^saturated  0.02^ 

SaCI— solution  disintegrates  upon  heating  to  40*. 

Slectron-diffraction  study  of  the  eonpositioos  (cosstitetions)  of  the 
prinary  and  secondary  filns  shcvsd  that  while  the  secondary  filn  contained 
titonian  hydride  (TiH^)  plus  other  titanian  coapoands,  apparently  7i0,  the 
prinary  fila  consists  only  of  PiH^.  Ihs  effect  of  varioiis  elenents  on  the 
corrosion  resistance  of  fi  was  also  investigated,  i.  sa'ostantial  corrosion 
resistance  ?i  in  sulfuric,  hydrochloric,  phosphoric  scads  is  ohserved 
durong  tne  alaoyong  of  ?i  with  30^  nolyodenan.  Titaniun  alloys  of  this  series 
when  exposed  to  the  rentioned  acids  possess  greatea^  stability  than  the  well 
known  nickel /solyMenua  alloy  of  the  Hastelloy  type. 


dhe  oiidicaoility  cf  sinary  ?i-Cr,  ?i-Al  and  '’i-cs  alloys  was  investigated 
at  200  -  poo*.  ™e  investigation  results  showed  that  the  T5-5e  alloys  esnon- 


the 


=  ‘A 


3i  tP 
i,S 


Fisiire  4  —  Hate  of  Oxidation  at  7C0*  of  a  sii-coxponeat  titaniins 
allcj  ”—4  in  relation  to  the  Si-contents  1  —  ssithin 
25  honrss;  2  —  srithin  50  nours;  3  —  »ithin  75  ioars; 
4  —  sithin  100  hours,  a  —  overrei^t. 


stratec  nazinun  ozidation  resistance.  At  and  9C0'  the  czidation  carves 
(after  change  in  weight)  for  the  i^-3e  allots  have  a  paracolic  character  and 
srith  the  increase  in  the  content  to  ^  the  rate  cf  ozidation  decreases  consider¬ 
ably.  -pi-Cr  alloys  (ap  to  25?5)  show  a  drop  in  iaeir  oxidation  resistance  at^ 

TOD  -  ?C-0*.  Alloys  with  20  ana  25^  of  Cr  have  a  sonewhat  higher  resistance 
than  pure  tilaniun.  The  addition  of  A1  to  Pi  also  reduces  the  ozidation  resis¬ 
tance  of  ?i  at  poo*.  Sat  at  700"  with  an  increase  in  the  Al-conteat  its  sta¬ 
bility  increases.  -The  axication  resistance  at  700*  incrczises  especially  upon 
increasing  the  Al-content  to  Ipfi.  According  to  other  1 -.formation,  sazisnus 
oxidation  resistance  up  to  1100  —  IlpO*  is  ccxonntrated  by  ?i— Al  alloys 
corrasposair^  to  the  Pi— Ai  ccanound  and  according  to  the  structural  diagras 
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of  this  systex  an  aae  aone  of  the  gama-yiase  within  the  eocpcsition  llsits 
cf  frcn  3c  -  42^  of  Al. 

ihe  series  of  siz-cc::x>onent  ezperinental  titaniic  alloys  was  investigated 
tc  detsmine  the  effect  of  Ai  and  Si  on  the  heat  resistance  (resistance  against 


mi-lfO/i-r' 


ozlii-tionj  of  t'cA  T— 4  ob*2.ij:a.sl8  sy  ■tbs  pcsie?  r^taiiiiT^y  zaVz.'c.  T.'.& 

cxidatioa  iras  investigated  at  700®  cy  tne  =ethod  of  overweight  on  oyiinnrical 
sa:^les;  deration  of  the  experiment  100  hrs. 

The  results  obtained  oy  studying  sy  the  overweight  method  made  it  pocsihie 
to  calculate  the  rate  cf  oxidation  of  the  alloys  in  relation  to  the  variable 
conten":  cT  il  rangiss  fron  4  do  12ji  and  Si  from  0  to  1.5^- 

In  proportion  to  the  increase  in  the  aluninun  content  the  rate  of  alloy 
oxidation  at  first  (up  to  3  —  4^)  increases,  and  above  45^1^  decreases  smoothly 
and  the  minimum  rate  corresponds  to  a  six-corponent  alloy  vita  12^  Al. 

Tna  effect  of  Si  na  rate  of  oxidation  of  a  six-component  alloy  vas  found 
to  be  different  from  the  effect  of  41.  She  five-component  alloy  ?-4  (vithout 
Si)  has  a  high  rate  of  oxidation.  4n  addition  of  up  to  0.25^  of  Si  sharply 
reduces  the  rate  of  oxidation  of  this  alloy;  a  further  rise  in  the  Si  content 
to  1.5y  desds  to  a  slight  chanfre  in  the  rate  of  oxidation  (see  ?igurc  4).  Tt 
can  sc  concluded  from  these  data  that  aluminia  as  rell  as  silicon  do  exert  an 
influence  cn  the  Increase  in  oxidation  resistance  of  the  slx-coz^osent  T'-d 
alloy  at  7C0*. 


XJvilf.ca'tion  cf*  i.'ts  Alloys 

Titanium  amd  its  alloys  find  broad  application  in  various  branches  cf 

technology,  vhey  find  mexlrum  use  in  aviation  and  in  rochet  technology.  In 

these  fields  the  cembinatien  cf  high  strength  and  small  specific  weight  is  of 

special  iaportance.  According  to  the  report  of  the  representative  of  the  Snglis 

£ 

Company  "Imperial  Chemical  Industries"  about  90^  of  the  titanium  produced  in 
England  goes  for  aviation,  '^e  titanium  with  time  will  proye  to  be  the  ir¬ 
replaceable  material  for  satellites  and  toher  cosstc  devises. 

Titanium  finds  considerable  application  in  naval  shipbuilding.  Thanhs  to 
its  high  corrosion  resistance  in  sea  water  titanium  ana  its  alloys  ere  of 
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sreater  v<ilu5  for  xie  saeatils-  or  ships,  suhrarices,  torp 


secoes  aca  2 or  otner 


purposss  in  sea  transportation. 


“*’^2.152  and  its  aalcps  snould  rind  crcad  application  also  in  other 


cranches  of  industry.  -I^is  pe..ains  first  of  ail  to  the 


checical  industry 


--  of  tiatnans  and  its  alloys  as  high-strength  and  'corrosion  rests 

t-*t  naterials  has  greater  perspectives. 

fitaninn  and  its  alloys  are  ussed  in  the  naanfactni'e  of  various  co=po--r.  -t 


<1—^  &JIJ.OJ5  s?e  use*-  in  Tne  nanuxac'tui'e  or  coi5po*'-  *ts 

of  caentcal  nachines,  tdiich  are  exposed  to  the  effects  of  a^ressive  nedia 
(pipes,  fittings,  valves,  vents,  screens,  different  parts  of  punps,  etc). 

A  greater  nnnser  of  tne  parts  is  nanufactured.  fica  pure  ?i  because  in  cazyr 
instances  it  appears  to  he  nore  corrosion-resistant  than  its  alloys  and  further- 


r-ore,  iron 


2t,  it  is  easier  to  nahe  naryf  objects  by  various  types  of  naehinirg' 


and  -selding  than  fron  its  alloys. 

is  usee  for  biases  and  housings  of  centrifugal  punps  used  for  ■*" 
punping  of  varioxas  organic  acids,  caloric  as,  3.5^  hydrochloric  acid  solution 
and  dry  chlorine.  In  these  ob^cts  ti'.anius  operate  for  several  years, 
■rhile  the  lii-Cr-ljo-alioys  previously  used  for  such  purposes  a  service  life 
of  less  than  ens  year. 

”2taciu3  inyecttr'i,  operating  at  high  stcan  and  diluted  hydrochloric  acid 

velocities,  can  uitnstand  tne  loan  for  sore  than  ?.5  years  vithout  aay  notice— 

traces  of  corrosion  chile  case  iron  inyeetors  rere  being  pat  cut  of  con- 

nission  ~ithin  a  period  of  three  nonths. 

u 

?brged  ‘itani'cs  valves  are  used  for  intake  pipes  functioning  for  the  feed- 

2 

ing  of  aggressive  liquids  xaxder  a  pressure  of  up  to  2  kg/sa  .  5t:ey  operate 
for  acre  than  IcSO  hours  without  replacenent.  7alves  sade  of  stainless  steel 
nan  to  ne  replaced  after  7C  Lrs  of  operation.  In  this  uay,  titanium  valves 
ar^r  alncst  20  tines  nsra  durable  than  stainless  steel  valves. 


IC*-ldD/l.2 
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iu=  sheets,  ■srirhii-  cse  year  shored  no  noticeable  corrosion,  -i^ile  "i-Cr-2ij 


'^■’Icys  onsratin^  under  sinilar  conditions  required  replaceresi  after  five  hours 


of  operation. 

fitaniun  rire  screens  possess  high  corrosion  resistance.  .  Iney  are  e=n>ioy— 

ed  in  the  role  of  filters  for  trie  filtering  of  calciun  hypochlorite  crystals 

2 

in  the  presence  of  mist  chlorine  at  a  pressure  of  up  to  2,5  hg/m  . 

Titaniun  and  its  alloys  are  of  greater  inportancc  in  the  nanufacture  of 
high  speed  ultracentrifuges  mere  a  reduction  in  the  rapidly  rotating  nass  is 
very  inportant. 


rapes 


of  titaniun  and  its  alloys  are  used  is  the  role  of  seat  ex¬ 


changers  for  the  'liatillation  of  nitric  acid  vapors  and  for  other  purposes. 
Because  of  the  danger  of  explos.or.  of  titaniun  in  nitric  acid  it  is  advisable 
to  use  alloys  of  irtaniun  rith  aluninun. 

Various  objects  nade  fron  pure  titaniun  and  certain  alloys  can  be  sanu- 
fcctxired  by  rolling,  pvocsing  and  ctber  neans  of  nechanieal  aachining,  intri¬ 
cate  parts  can  also  be  canufactured  ,  easting  or  by  the  pocder  netaliurgy 


tetaca. 

■These  enanples  are  far  fron  sufficient  in  describing  the  fields  of  appli¬ 
cation  of  ?i  and  its  alloys  in  the  chenical  iniustry.  Because  of  the  scant 
hnorledge  regarding  the  corrosion  resistance  of  titaaiu=>  alloys  it  is  difficult 
to  foresee  she  per-prot Ives  for  their  utilisation  in  the  role  of  corrosion— 

if 

resisiant  naverials,  naltli  arc  rassed  aray  in  the  different  coxpasition  of  the 
already  nade  or  being  nade  ner  vitcnixns  alloys. 

vhe  scientific-research  institutions  and  the  factories  of  the  chenical 
industry  should  conduct  er^rinents  on  the  utilisation  of  nan  titaniun  alloys 
in  rhe  role  of  ccmosisn-rcsisrant  naverials  in  various  devices  and  installa¬ 
tions  cperatlng  in  aggressive  n-'iia. 
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